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A solar simulator is described with collimated filtered 
radiation incorporating an optical integrator to more 
evenly diffuse the xenon 2.5 KW light source. Popula-
tions can be catogorized into skin types I-VI and the 
minimal erythema dose (MED) in each skin type mea-
sured in Joules/cm2 was compared to give a relative 
suntan photoprotection factor or SPF compared with 
type I (1.0) so that type II had an SPF of 1.67, type III 
SPF of 2.5, type IV-V had an SPF of nearly 4, whereas 
the darker Negroid skin (type VI) had an SPF of 9.68, or 
nearly 10 times that of type I. In additon, various studies 
were performed too determine the natural protection 
factor after natural s unlight (3 1/2 mo of summer sun). 
In 21 subjects the mean SPF was 2.33 when compared to 
the MED on unexposed skin on the buttocks. Five sub-
jects who had received a mean total dose of 3.49 J/cm2 
of UVB within a 4-week period had a mean SPF of 8.01 
and 5 subjects who had received a mean total dose of 20 
J/cm2 of UVA with PUVA therapy within 2 weeks had 
a mean SPF of 2.7. These studies were compared with 
the photoprotection ability oftopical chemical protective 
agents with a range of 4-15. 
Skin color [1] is made up of carotinoids (yellow), melanin 
(brown), oxyhemoglobin (red), and reduced hemoglobin (blue), 
but it is the amount, type, and distribution of melanin in 
keratinocytes that determines hair pigmentation and permits 
categories of skin type [2] and is largely responsible for basic 
photoprotection. Carotinoids give relatively little photopro tec-
tion unless takep in large quantities, but have been reported to 
be successful in erythropoietic protoporphyria [3], and to some 
extent in erythropoietic porphyria; the mechanism is not pre-
cisely known but may occur by quenching singlet excited oxygen 
or by competing for absorption at 460 nm (porphyrins absorb 
maximally in the soret band, 400-410 nm). Various other bio-
chemicals in the skin such as urocanic acid [4] may playa small 
role in photoprotection. 
Melanin pigment acts as a neutral density filter with no 
specific absorption bands but has conveniently good absorption 
in the UYB and UVA. Ultraviolet radiation in the range of 290-
320 nm is referred to as UVB, and UV from 320-400 nm is 
known as UV A. The photoprotective role of melanin is attrib-
utable to its presence in the epidermis, and may be related to 
particle size of melanosomes as well as distribution through the 
Malpighiian layer and stratum corneum. Melanins are black, 
brown, or yellow, naturally occurring pigments of complex 
structure and high molecular weight. Early studi es by Raper 
[5] advanced by Mason [6] and Masson [7] a nd subsequently 
by Lerner and Fitzpatrick [8] suggested melanins were formed 
. by enzymatic oxidation of phenols, possibly through polymeri-
zation of indol-5,6-quinone units in which tyrosine is initially 
Gonverted to dopaquinone by the enzyme tyrosinase, forming 
intermediates and eumelanin, a black-brown pigment. Subse-
quently Robson and Swan [9], Hempel [10] and others sug-
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gested that melanin is formed by complex polymers of dopa-
quinone and intermediates. 
The insertion of cysteine or sulfur into the intermediates 
results in the phenomelanin [11], a yellow-red melanin , which 
differs from eumelanin in that it is soluble in dilute alkali; 
eumelanin is relatively insoluble. Pheomelanin is a lso widely 
distributed in nature; for example, in the hair of red squi.rrels, 
foxes, and orangutans. 
. The skin of man can be conveniently categorized into 6 skin 
types (Table I) in which Types II-VI contain eumelanin. The 
skin and hai.r of type I, or the Celt with red hair and freckling, 
contain pheomelanin. 
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Constitutive skin pigment can be defin ed as the basic quan-
tity and quality of melanin form ed by the melanocytes, geneti-
cally induced, before influence by such stimulants as ultraviolet 
irradiation. Melanocytes form melanosomes which pass into 
the epidermis. A single melanocyte has been described as 
melanizing 36 keratinocytes. Ultrastructurally it is, therefore, 
the number and size of melanosomes [12] in the skin that 
determines the basic constitutive skin color. Observations by 
several investigators such as Olson, Gaylor, and Everett, 1973 
[13], suggest that melanosomes are lru'ger than 0.35 J.L and are 
characteristically nonaggragated, i.e., dispersed singly as in 
Negroid skin, and may number more than 400 per basal cell, 
whereas in Caucasians the melanosome particles are smaller 
and aggragated, and there are usually less than 100 melano-
somes per basal cell [12]. 
Inducible skin pigmentation may be immediate pigmentation, 
delayed pigmentation (suntan), or, less commonly, from endo-
crine stimulation. 
Immediate pigmentation first described by 1. Hausser in 1938 
[14] probably occurs from photo-oxidation of bleached melanin 
and movement of melanosomes in the basa l cell layer. This 
immediate pigmentation disappears within 1 min to 1 hI' and is 
usually faded by 4 hr. Henschke and Schulze [15], in 1938, 
determined that the action spectra for immediate pigmentation 
was in the UVB, UV A, and to some extent the visible range. 
Kooij and Scott (1954) [16] showed that immediate pigmenta-
tion readily occurs in Bantus within 20 min of filtered (up to 
470 mm) midday South African sun. 
Delayed pigmentation or suntan, referred to as mela no-
genesis, occurs within 48-72 hr, lasts for several months, and is 
induced by UVB a nd UV A. . 
In summary, natural protection against the potentially dam-
aging effects of solar radiation can be achieved by several 
mea ns. The first is biosynthesis of melanin and the distribution 
of melanin in the form of melanosomes in the epidermis. It is 
the number, size, and aggregation patterns of these melano-
somes that give the skin its basic constitutitve color and would 
account for the varying degree of photoprotection . 
Irradiation of the skin by UVB not only causes delayed 
hyperpigmentation but thickening of the epidermis, further 
enhancing photoprotection. Thickening of the Malpighiian and 
horny layer of the skin develops after a few days and may 
persist up to 2 mo [17], Miescher [18], 1932, and Thompson 
[19], 1955, previous studies concluded that melanin lying in the 
stratum corneum screens more effectively than a thickened 
stratum corneum without melanin. Miescher [20] noted that 
repeated irradiation of the skin with artificial UVR considerably 
enhanced photoprotection. 
The purpose of the following study using a newly described 
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T ABLE 1. Populations can be con ven iently categorized into 6,;liin 









A lways burns easily, never tans (sen-
sitive ) 
A lways burns easily, tans minimally 
(sens itive) 
Burn.,; moderately, tans gradually 
(to a ligh t- brown) (normal) 
Burns minim ally, a lways tans well 
(to a moderate brown) (normal) 
R arely burns, tans profu sely (to a 
dark-brown) (insensitive) 
Never burns, deeply pigmented (in-
sensitive) 
Examples 
Redhead, freckled , 
Celtic, Irish-Scot 
Fa ir-skinned, fa ir-
haired , blue-eyed 
Causacians 
Darker Caucasians 
Medi terranean type 
Caucasians 





solar simulator will be to determine t he relative natural protec-
tion factor of various skin types (constitutive pigmentation) and 
t o determine the individual's photoprotection factor after in-
duced delayed pigmentation from natural sunlight, UVB flu o-
r escent light, and PUVA therapy (oral methoxypsoralen fol-
lowed by UV A) [21]. The resul ts will be compared with sun-
scr een chemical topically applied to the skin for photoprotec-
tion . Examples of the commonly used chemicals which either 
absorb or reflect radiation are as follows: 
Chemicals Absorbing: para-aminobenzoic acid, para-ami-
nobenzoic acid esters, cinoxate, an -
thralinate, cinnama te, homosalate 
and benzones. 
Chemicals R efl ecting: titanium dioxide, talc, and zinc oxide. 
METHODS 
a. D esign o( M odi(ied Solar S imulator 
The spectrum of t he xenon a rc approximates a 6,000 ° K black body 
radiation of t he sun which is essen tia lly a spherical source of rad iation 
with a d iameter of 1,392,400 km" located approximately 150,000,000 km 
from the ear th's surface. The angle of collima tion is approximately 
1/ 2° (± 1/ 4° ). A commonly used solar simulato r described by B erger 
[22] incorporates a 150 W xenon arc. The heat emi tted by this xenon 
are is a bsorbed by a dichroic minor which re fl ects ul traviolet radiation 
b u t the visibl e ligh t a bove 400 nm is also absorbed with the infrared, so 
t h at the rina l spectrum is limi ted to 290-400 nm . Another disadvantage 
ofaxenon arc is that there are 2 "hot" spots of concentra ted radiation 
emitted from the anode and cathode, so that the radia tion when focused 
o n t he skin may be of uneven in tensity. 
In conjuncti~n with Oriel Corporation of Stamford , Connecticut, an 
o p t ical integrator wi th mirror and collimating lens has been attached 
to t he exi t on the righ t side of t he optical system previously described 
[23] which has t he monoch romator on t he left. s ide. The ligh t source is 
a 2 .5 kw xenon a rc and ligh t is focused wi th 2 quar tz lenses f 2.6 and 7.5 
em in diameter on to the Oriel op tical integrator (B) . The optical 
in tegrato r is cooled with 2 fa ns and the resul ting cooled diffused ligh t 
fa lls on an angled mirror at 45° and t he light is t hen collimated to 
simulate sunlight, which exi ts at poin t C. Th e ligh t is filtered wi th 4-
mm Schott WG 5/6 to give a spectra l range above 295 nm to approxi-
mately 700 nm wi th no delectable heat. 
b. Mea8uremenl o( the M inimal Ery them a Dose (MED) 
T he in tens ity of the ligh t at ex it C is measured with a calibrated 
Eppley t hermopile and a K eithley 149 millimicrovoltmeter as descnbed 
[23], wi th Oriel solar s imulator attachment. 
The dose of radiation required to produce erythema on the skin at 
various test s ites designated in t he following studies was measured in 
Joules/cm' or uW.sec/cm2 (1 J oule = 10" uW.sec/cm» . S ubjects were 
irra diated in the range of 0.2-1,04 J /cm2 in which t he dose was given in 
25% increments . T est s ites were observed 20-24 hI' later to determine 
minimal erythema dose. 
Exp erim ent J: A comparison o( natural photoprotection (or shin 
types I- VI: This study was designed to compru'e the relative constitu-
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tive melanin photoprotection facto r for va rious skin types by determin-
ing a nd compru'ing the mini mal erythema dose on un tanned skin of 
bu ttocks of selected subjec ts. T he subjects were se lect.ed and catego-
ri zed by history and exa mination (T able I ). 
S ubjects. type I (21), type II (27), type III (10) , type IV / V (5), and 
type VI (2). T he mean M E D for each skin type was determined and 
the ME D for types II - VI was a lso related to an arbitrary factor of I 
given to skin type I to compare t he photo-(sun ) protec tion fact.or which 
will be known as t he S PF. 
R e"" lts. The ME D of type I was 3.74 X 10"; type II , 6.26 x 10"; type 
III, 9.35 X 10"; type IV/ V, 1.47 X 10'\ and t.YfJe VI, 3.62 X 10" uW.sec/ 
em>. The data can also be expressed t hat type II has all SPF of 1.67, 
relative to type I ; type III an SPF of 2.5, re lative to type I; and type 
IV / V has an SPF of nearly 4, in relation to type I; whereas the dru'ke r 
Negroid type skin (type VI) has a SPF of 9.68, or nearly 10 times that 
of type 1. The visua l in terpretation of MED in Negroid skin wou ld be 
subject to some error, but was se lected a the poin t in which mini mal 
cha nge was observed. Sufficiently high dose was used to produce 
pa lpa ble erythema which would observed at the site of maximu m dose. 
Both subjects in type VI admi tted t hat overexposure to sunlight in 
early spring could subsequen tly cause t he sensation of sunburning. 
Experiment 2: S un tan protection (actor a(ter 3 \'2 1110 o( sun: In the 
next study the SPF of a natu ra l sun tan and epider ma l t hickening was 
determined in August on volun tee rs elected from skin types II and III 
who had de liberately sought sun exposure and were tested after 3112 mo 
of Wisconsin summer sun. 
M ethod. T he test sites se lected were on t he buttocks fo r un tanned 
skin (constitut ive pigmentation), and on the midback for t.he t.anned 
skin (induced pigmenta tion). T he MED was deter mined as described. 
S ubjects were ir radiated wit.h sola r simulato r a l both s it.es. Subjects 
selected were type II (6), t.ype III (10), and type IV (5), total 21. 
The following equation was used to determi ne the sun protection 
factor: 
MED on tanned skin 
- (inducible pigmentation) 
MED on un tanned skin 
- (constitutive pigmentation) 
R esults. Th e resul t.s showed that t he mean suntan protection factor 
afte r 3 \'2 mo of sun exposure for type II was 2.4; for type III was 2.45; 
and fo r type IV was 2.1. T he mean sun protect ion facto r for aU 21 
su bjects was 2.33. 
Experim ent 3: Na turalphotoprotectiol1 induced a(ter articial U VB 
an d P UVA therapy: M ethod. Ten subjects were selec t.ed fo r tes ting in 
which the minimal erythema dose had been determ ined on t he lower 
dorsa of t he t runk before therapy. Five subjects subsequently received 
irrad it ion with a UVB light sou rce (Dermacontrol 28 UVB 6' f1u Ol'e cent 
la mps) 3 t imes weekly, receiving a mean total dose of 3.49 J / cm 2 within 
4 weeks. S imila rly, 5 subjects were a lso test.ed who had had PUVA 
therapy with Nationa l B iologic 48 high ou tput 691 UVA f1u orescent 
lamps:3 times weekly, who had received a mean total dose of 29 J / cm> 
within 2 weeks. The MED was aga in determined on t he subsequently 
tanned skin on t he lower do rsa of the t runk and compru'ed with t he 
MED obtained on the previously un ta nned skin. T he ta n or pigmen-
t.ation was greater in t he PUVA patien ts with only 2 weeks irradiat ion. 
in con trast to those who had had the UVB for a longer period. 
The resul ts showed tha t subjects who had received a mea n total dose 
of 2.49 J /cm2 of UVB had a mean SPF of 8.01 and thos subjects who 
had received a mean tota l dose of 29 J / cm2 of UVA wit.h PUVA therapy 
had a mean SPF of 2.7. In both cases the resul ts were higher t han the 
sun protection facto r obta ined after 3 I ! mo of natura l summer sun ligh t. 
in which the mean SPF was 2.3. T he result.s ru'e shown in Table IV and 
compared wi th da ta for nat.ura l sunligh t obta ined from Table II . 
Experim ent 4: Th e arti(icial photoprotection (a ctor comparing top· 
ical ch em ical protective a.gen ts: In t his study selecl.ed artific ial pho-
toprotection agent.s were compared . The MED was ini t.ia lly determined 
on unprotected skin on t he lower dorsa of the trunk. Sunscreens were 
applied in a concentra tion of 2 ul/cm" and the tesl s ites were irradiated 
after 30 min wi th se lected mul t iples of the MED t.o dete rmine the sun 
protection facto r. 
S ubject,;. Forty-t.hree volun tee rs were se lected who bad skin type II 
and III. S ubject; were similarly tested in t he range of 0.2- 1.04 J / cm2 in 
which 8-10 doses were given in 25% increm·ents. The t.est sites were 
observed at 20-24 hI' in order to determine the minimal erythema dose. 
The selected sun creens were t hen app lied on a ne ighboring area of 
skin wi th a 50 ul pipe t te to a measured ru'ea of skin to give a concen-
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T ABLE II. A comparison of natural photoprotection for shin types I · 
VI tested with solar simulator 
Constitutive Photoprotection 
Mininlal erythema dosefl-Untanned skin 
Skin Type Dose ,"w.sec/ Relative N Sex Age em'.! SO SPF 
I 21 llM,lOF 30.3 3.74 X 10" (0.49) 1.0 
II 27 12M,15F 29.0 6.26 X 10" (1.16) 1.67 
III 10 5M,5F 20.0 9.35 X 10" (2.42) 2.50 
IV/ V 5 3M, 2F 25.0 1.47 X 10" (2.72) 3.93 
VI 2 2M 31.0 3.62 X 10" 9.68 
"The minimal erythema dose on untanned skin of subjects in each 
of the 6 skin types is shown and the dose is compared to skin type I to 
show a relative sun protection factor (SPF). 
TABLE III. Suntan protection factor after 3 I I mo sun exposure 
tested with solar simulator 
Dose in JlW .sec! cm2 
MED tanned 
Skin type skin tt 
N Sex Age Mean SPF 
MED untanned 
skin fl 
II 6 3M,3F 16 1.56 X 10" 2.4 (SD 0.65) 
6.70 X 10" 
III 10 5M,5F 20 2.27 X 10" 2.45 (SD 0.5) 
9.35 X 10" 
IV 5 3M,2F 25 3.08 X 101; 2.1 (SD 0.22) 
1.47 X 10" 
Total 21 llM,IOF 2.26 X 10" 2.33 (SD 0.048) 
9.88 X 10" 
"The minimal erythema dose on untanned skin of the buttocks is 
compared w.ith the minimal erythema dose on tanned skin on the lower 
dorsa of the trunk after 3 Ih mo of sun exposure for skin types II, III, 
and IV . The mean SPF was 2.33. 
TABLE IV. Radiation protection factor 
Radiation source N 
MED tanne!,! skin" Mean SPF 
and lneun dose MED untanned skin 
Natural Sunlight· 21 2.26 X 10" 
(3 1/2 mo sum- 9.88 X 10" 2.33 (SD 0.048) 
mer) 
PUVA 5 2.14 X 10" 2.70 (SD 0.515) 29 J /cm2 7.92 x 10" 
UVB 5 6.23 x 10" 8.01 (SD 1.86) 3.49 J/cm2 8.48 x 10" 
" Minimal erythema dose of untanned skin was compared with that 
of tanned skin after 2 weeks of PUVA therapy (mean total dose 29 J/ 
cm2 ) and within 4 weeks of UVB exposure (mean total dose 3.49 J /cm2 ) 
and SPF compared wi th tanning after sunlight. 
TABLE V. Sunscreen protection facto;' with modified oriel sola.r 
simulato;' 
Chemicals Mean Range N SPF 
7% octyl-dimethyl PABA, 3% oxy- 15.0 12-18 15 
benzone 
6% ethyl dihydroxpropyl PABA & 15.0 13-17 8 
5% oxybenzone 
. 5% PABA 12.0 10-13 28 
Methoxy-cinnamate, benzophenone, 11.0 9-13 9 
. PHB ester 
4% isoamyl dimethyl PABA 8.0 7-10 18 
3.3% octyl-dimethyl PABA 8.0 7-11 18 
4% cirlOxate, 5% menthyl anthrali- 8.0 7-10 24 
nate 
Red petrolatum, zinc oxide, cinoxate 7.0 6-9 24 
10% sulisbenzone 6.0 5-7 20 
Methoxy cinnamate, phenylbenz, 4.0 4-5 18 
PHB ester 
1.75% Cinoxate 4.0 3-6 16 
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tration of 2 ul/cm' . A SMID pipette was found useful for dispensing 
sunscreen's with a heavy ointment base. Test sites were i1'l'adiated 30 
min later with a measured dose of radiation to give multiples of MEDs 
in the range of 2-18, depending on the sunscreen. Minimal erythema at 
test sites was observed at 20-24 hI' and the SPF was calculated by 
determining the dose required to produce minimal erythema on the 
protected skin divided by the dose to produce minimal erythema on 
the unprotected skin. 
MED - Protected Skin SPF = ::--::::::-=---::-:------=:--:-
MED - Unprotected Skin 
Results. Sunscreens tested with the Solar Simulator. 
The mean MED on unprotected skin was 0.513 J/cm', SD 0.1538, 
range 0.292 J/cm2 to 0.797 J/cm2• 
The SPF of some selected sunscreens tested with the solar simulator 
are shown in Table V. SPF ranged 'between 4 and 15. Sunscreens 
containing esters of PABA and combinations of oxybenzone gave the 
highest SPF. 
DISCUSSION 
A modification of a new solar simulator h as been described. 
This apparatus contains an optical integrator on which th e 
xenon lamp is focused, which by diffusing the more concen-
trated radiation of the anode and cathode subsequently permits 
irradiation with a SOUl'ce of more uniform intensity in the range 
of 295-700 nm. In addition, this radiation is collimated to 
simulate sunlight. The light SOUl'ce is a 2.5 KW xenon and 
differs from the more commonly used Berger solar system (150 
W xenon) which by removing heat with a dichroic mirror also 
removes visible radiation so that the spectrum is limited to the 
UVB and UVA. 
Various studies were performed to determine the natural 
protection factor for selected subjects in each category of skin 
type and to determine photoprotection after induced delayed 
hyperpigmentation (and which could include epidermal thick-
ening) using natUl'al sunlight, a UVB fluorescent light source, 
and PUV A therapy. 
Sun damage to the skin can be s imply equated as follows: 
UV Intensity x Duration of Exposure Sun Damage = -:-:----::-::::--c,-------:---:::::----Nature of Defense against Damage 
The UV intensity would depend on various factors including 
ozone, season, air mass, latitude, weather, and surface reflection. 
The duration of sun exposure would depend on age, sex, climate, 
occupation, amount of leisure time and the exposed skin site 
such as the arms, hands, face and neck, which usually have the 
maximum exposure. This defense against sun damage can be 
represented . by skin types or basic constitutive melanin and 
enhanced by the artificial chemical sunscreens applied. 
If an SPF of 1.0 is designated for type I photosensitivity, Oul' 
studies would suggest that type II has a relative SPF of 1.67, 
type III has a relative SPF of 2.5 , types IV -V have a relative 
SPF of nearly 4, and the darker Negroid, type VI, has an SPF 
of nearly 10 times that of the type I (Table II). The basic 
constitutive melanin pigmentation would impart the most im-
portant photoprotection without prior stimulation to ultraviolet 
irradiation, since the basic thickness of the epidermis is similar 
in all groups. However, following ultraviolet irradiation major 
enhancement of the SPF would be from epidermal thickening 
[17-20]. 
Finsen [25] in 1900 demonstrated that EUl'opeans react to 
exposure to UVR by developing a delayed pigmentation (tan-
ning) and postulated that the melanin protected the skin against 
ultraviolet light by absorbing these rays. Subsequently Guil-
laume [26], 1926, and Miescher [20], 1930, showed on experi-
mental animals that thickening of the stratum corneum was a 
more important protective adaptation than pigmentation in 
white-skinned persons. Miescher also noted that in a few days 
after moderate UVR the Malpighiian and horny layer started 
to increase in thickness, causing considerably enhanced photo-
JUly 1981 
protection. Thomason [19] (1955) compared thickness and de-
gree of pigmentation of European and African skin after solar 
:a?iation, using skin removed from induced blisters by canthru'-
ldine. The inherent thickness of the 2 types of skin was similar 
but the transmission was 3 times greater in EUl"opeans com-
pared to Africans. Similar observations were confIrmed by 
Kligman [17]. 
Our studies showed that "suntan" achieved dUl"ing 3V2 mo 
expOsure to Wisconsin summer sun gave only a modest SPF of 
2.33 for the 21 subjects tested. Similru'ly, 5 subjects who had 
had a short course of PUV A achieved a more striking tan after 
2 weeks of treatment with a mean total dose of 29 J /cm2 , 
developed a mean SPF of 2.7. Five subjects who had had a 
longer exposure of UVB, up to 4' weeks, who had received a 
mean total dose of 3.49 J/cm2 and less noticeable hyperpigmen-
tation than the PUVA patients achieved a mean SPF of 8.0!. 
These clinical observatins support previous observations that 
the enhanced acquired photoprotection is not just due to pig-
mentation. 
Langen [27], in 1938, noted that the dose to produce pigmen-
tation was 50% higher than the MED, an observation supported 
by the investigator dUl"ing these studies. 
The standardization of testing the SPF of sunscreens has not 
yet been pelfected. This study does not consider wash off, sweat 
off, or variations in spectral range. The benzones tend to sweat 
off more easily than PABA or its esters. Some techniques in 
this regard have been reported elsewhere [28]. The standru'd 
concentration advised at the present time is 2 ullcm 2 • The light 
sources remain variable so reported data should, if possible, be 
compared with several standards. The investigator has observed 
that varying the absorption fIlter and, therefore, the spectral 
range will alter a sunscreen's SPF. 
However, our results on testing of SPF on sunscreens would 
appear to be similar to that of Sayre [29], who used the Berger 
solar simulator. Environmental features will affect a sunscreen's 
SPF, in pruticulru' humidity with sweat off, wash off; and 
latitude and seasons. Since effectiveness will vary with geo-
graphic location the chemical agent should ultimately be tested 
in the area in which it is to be used. 
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